KEYWORDS breath tests; epidemiology; Helicobacter pylori; risk factors; stomach neoplasms Background/Purpose: Lanyu Island is a closed environment inhabited by the Yami people, Taiwan's smallest and most primitive tribe. This study assessed the prevalence and risk factors of Helicobacter pylori infection among Lanyu Island residents. Methods: A cross-sectional study was conducted among the inhabitants of Lanyu Island, using the 13 C urea breath test to determine the prevalence of H. pylori. All study participants completed a form requesting demographic data and anthropometric measurements and a questionnaire evaluating socioeconomic characteristics and personal habits. Multiple logistic regression analyses were used to identify independent factors of H. pylori infections, and a two-sided p < 0.05 was considered significant. Results: Among 796 participants, the mean age was 45 AE 13.2 years, with a range of 12e89 years. The overall prevalence of H. pylori infection was 72.1%, and there was no significant difference between genders. The H. pylori-infected group contained higher proportions of Yami people, married individuals, as well as higher rates of alcohol consumption and betel chewing, but lower family incomes and education levels. Multiple logistic models found that Yami ethnicity [odds ratio (OR) Z 2.567, 95% confidence interval (CI): 1.344e4.905], alcohol consumption (OR Z 1.641, 95% CI: 1.151e2.341), and marital status (OR Z 1.779, 95% CI: 1.043e3.032] were associated with H. pylori infection.
Introduction
Health professionals have recently become increasingly concerned about the continued neglect of aboriginal communities, a factor that has led to worldwide disparities in health between aboriginal and nonaboriginal populations. 1 Accidental injuries, alcoholism, and various infections are the most important contributors to disease in aboriginal populations. Helicobacter pylori infection, in particular, has been demonstrated to play a major etiologic role in the development of peptic ulcer disease, gastric mucosaassociated lymphoid tissue lymphoma, and distal gastric cancer. 2 Among Asians, H. pylori infection confers a greater than two-fold increased risk for developing gastric cancer. 3 High rates of mortality from stomach cancer are found to be clustered in aboriginal townships where the prevalence of H. pylori is high. 4 H. pylori infections are usually acquired in childhood and if untreated remain for the rest of an individual's life. 5, 6 Therefore, the major reported risk factors for infection in developing countries are poor socioeconomic conditions and poor hygiene during childhood. 7e9 Lanyu Island is an isolated offshore island located approximately 65 km southeast of Taiwan. The 3000 Yamis on Lanyu are Taiwan's smallest and most primitive tribe. Lanyu Island represents a closed environment, and limited information exists about the prevalence of H. pylori infection. To reduce the rates of H. pylori infection and gastric cancer requires developing appropriate strategies for prevention and intervention. To do so, we developed a study to assess additional risk factors, such as culture, transportation, lifestyle, and health behaviors relating to the disease. This study also explored whether sociodemographic characteristics and personal habits posed represented potential risk factors for H. pylori infection.
The 13 C urea breath test ( 13 C UBT) is frequently utilized as a noninvasive way to detect H. pylori infection in the general population. 10e12 In this study, the 13 C UBT was utilized to determine the prevalence of H. pylori infection in the inhabitants of Lanyu Island.
Patients and methods
Since 2008, we have conducted a cross-sectional study of the inhabitants of Lanyu Island, in Taitung County, Taiwan. Patients have been recruited from outpatient clinics, which were supported monthly by the Mackay Memorial Hospital (Taitung branch, Taiwan). All participants were examined at a mobile medical service after obtaining consent from the study participants or, in the case of adolescents, from their parents. We reviewed and collected their medical history about previous H. pylori infection or eradication. The exclusion criteria for undergoing UBT is previously receiving treatment to eradicate H. pylori infections. Patients with prior H. pylori infections did not have their H. pylori status rechecked by 13 C UBT, but they were included as positive H. pylori infection in this cross-sectional study for prevalence analysis.
The 13 C UBT was performed to detect H. pylori infection, and demographic data and anthropometric measurements [weight, body mass index (BMI), and waist and hip circumference] were recorded for all study participants. Patients with prior H. pylori infections that were eradicated were also included in the cross-sectional study. A standardized questionnaire was completed by every participant. The questionnaire sought information on socioeconomic characteristics (income and educational levels), and medical and family history (including family size and marital status). Personal habits, including smoking, alcohol consumption, and betel chewing, were also included in the socioeconomic data. This study was reviewed and approved by the Ethical Committee of Mackay Memorial Hospital, Taitung branch.
H. pylori status was assessed using the 13 C UBT, and a positive result indicated active H. pylori infection. The test detects the presence of H. pylori from an enrichment of breath 13 CO 2 , which is critically dependent on the amount of dilution by endogenous carbon dioxide (CO 2 ) production. A host-dependent urea hydrolysis rate was calculated independently for each study participant. The 13 C UBT was administered using 75 mg of 13 C-urea dissolved in 200 mL of water. Breath samples were collected prior to and 30 minutes after drinking water. Breath samples were analyzed using a nondispersive infrared spectrometer, and the results were considered positive when delta over baseline was > 4.0&. 13 The weight, height, and hip and waist circumference of each participant were recorded at the visit when the 13 C UBT was performed. BMI was calculated as body weight divided by height squared (kg/m 2 ).
To sample a broader age range, we pooled data collected previously from 106 high school students (55 boys and 51 girls, with a mean age of 14.3 AE 1.4 years). 14 High school students have relatively lower BMIs and wrist and hip circumferences, and use less betel and consume less alcohol than adults. In addition, teens' overall marital status is different from that of adults. We did a subgroup analysis of the 690 adults to assess the potential risk factors for H. pylori infection, such as lifestyle, health behaviors, and socioeconomic characteristics. Smoking criteria was divided into two categories: current smoker or ex-smoker/ never smoked. Alcohol consumption was also divided into two categories: abstainers/normal consumption or everyday drinkers. The socioeconomic status was categorized according to annual family income: below or above US$30,000. The participants were also classified by age into two categories: age 20e50 years, and older than 51 years. Race was categorized as Yami or non-Yami. The participants' level of education (elementary, high school, and university) was also recorded at the clinic visit.
Statistical analysis
Continuous variables were expressed as mean AE standard deviation and were compared using Student t test. Categorical variables were expressed as absolute and relative frequencies, and were compared using the Chi-square or Fisher exact test, as appropriate. We then performed multiple logistic regression analyses to identify independent factors of H. pylori infections. Variables were selected for entry into the regression model if the variables were significantly associated with H. pylori infections (p < 0.1) in the univariate analysis. A two-sided p < 0.05 was considered significant.
Results

Demographics and anthropometric measurements
A total of 806 inhabitants were enrolled in the study, and 13 C UBT data were not available for 10 of these individuals. No individuals had previously received treatment to eradicate H. pylori infections from the medical history. The overall prevalence of H. pylori infection in the remaining 796 patients was 72.1%. Demographic features of the 796 participants with and without H. pylori infection are summarized in Table 1 . The age-specific prevalence of H. pylori infection diagnosed by 13 C UBT is shown in Fig. 1 . The Yami tribe had a higher proportion of H. pylori infection than did the Han population (76.5 % vs. 47.9%, respectively; p < 0.001).
We performed a subgroup analysis of 690 adults, to assess the potential risk factors for H. pylori infection using demographics and anthropometric measurements. The weights, heights, waist and hip circumferences, and BMIs of the two study groups are summarized in Table 2 . There were no differences between the groups based on anthropometric measurements in patients with and without H. pylori.
Socioeconomic characteristics, family status, and personal habits
The socioeconomic characteristics (income and educational levels), medical and family histories (including family size and marriage status), and personal habits (including smoking, drinking alcohol, and betel chewing) are listed in Table 3 . The H. pylori-infected group contained a higher proportion of married individuals, with higher rates of alcohol consumption and betel chewing, but lower family incomes and educational levels.
Prediction of H. pylori infection risk
A multiple logistic regression model revealed that the risk of H. pylori infection increased with alcohol consumption [adjusted odds ratio (OR) Z 1.641, 95% confidence interval (CI): 1.151e2.341], marriage status (adjusted OR Z1.779, 95% CI: 1.043e3.032), and ethnic group of Yami (adjusted OR Z2.567, 95% CI: 1.344e4.905; Table 4 ). Figure 1 Age-specific prevalence of Helicobacter pylori infection diagnosed by 13 C urea breath test on Lanyu Island. Although the route of transmission of H. pylori remains controversial, fecaleoral exposure to contaminated water has been implicated in this infection in developing countries. 18 Teh et al 19 suggested that poor water supply systems, improper sewage disposal, and other environmental hygiene factors in aboriginal townships might contribute to the acquisition of infection. Lanyu Island is a small, mountainous volcanic island, and because most of the residents still rely on the island's natural streams for their water supply, a fecal-to-oral route may well be the major route of infection there.
Our study observed that non-Yami people displayed a lower prevalence of H. pylori infection than did Yami people (47.9% vs. 76.5%, respectively). The proportion of non-Yami people on Lanyu Island is around 12%. To the best of our knowledge, this group migrated to the island largely as adults in search of work. We also found that the younger the individual, the lower the incidence of H. pylori infection when younger than 40 years, and that the prevalence stabilized in persons older than 40 years. We hypothesize that the increase in H. pylori prevalence with age may be due to a birth cohort effect as well as to subsequent acquisition of the infection over time.
Socioeconomic and living conditions represent major risk factors for H. pylori infection, and intrafamilial transmission in early childhood plays an important role in its spread. 20e22 Humans are the only known host of H. pylori, and direct person-to-person contact is thought to be the primary route of transmission of the infection in developed countries. In our study, we found an association between marital status and H. pylori infection. Brenner et al 23 observed that the risk of H. pylori infection increased with the number of years one lived with an infected partner. Marshall describes the case of a patient who married into a family with gastric ulcers; the patient subsequently developed a duodenal ulcer. 24 The results of our study also suggest that spousal transfer of H. pylori to a Helicobacterfree partner might represent a possible route of transmission of H. pylori later in life.
In a large meta-analysis, de Martel and Parsonnet 25 observed that male gender was predominant in a group of adults with H. pylori and that this trend was a global and homogeneous phenomenon. They hypothesized that differences in exposure to antibiotics or differences in protective immunity between genders might explain these differences in results. By contrast, our study detected no gender differences in the prevalence of H. pylori infection. The prevalence was 73.2% in men and 71.3% in women (p Z 0.55), as shown in Table 1 This finding may be explained by the fact that Lanyu Island represents a relatively closed environment lacking many medical resources. Therefore, compared to women in Taiwan, women on Lanyu Island would have far less exposure to antibiotics for treatment of gynecologic infections, for example.
Recently the spectrum of H. pylori-related conditions has been expanded to include gastroesophageal reflux 26 and obesity. Results of some studies have reported an association of H. pylori infection with obesity and insulin resistance. 27 However, an inverse correlation between obesity and H. pylori has also been reported in other studies, where increased weight gain has been reported in patients after eradication of H. pylori. 28 BMI and waist and hip circumference were not significantly associated with H. pylori infection in our study. Further studies evaluating a greater number of participants will be required to clarify this factor.
The personal habits of study participants, such as chewing betel and consuming alcohol, also affected the prevalence of H. pylori infection in our study. Chewing betel is a popular habit in Asian countries, and is also very common in Taiwan and its offshore islands. Betel chewing is associated with an increased risk of oral cancer and oral submucous fibrosis. A caseecontrol study conducted in Sri Lanka revealed that betel chewers displayed high positivity for H. pylori infection on serologic studies. 29 In our study, a statistically significant increase in H. pylori infection was demonstrated among betel chewers compared to those who did not chew betel. This observation supports the hypothesis that betel chewing may affect periodontal health and thus predispose individuals to colonization with H. pylori.
Some have suggested that moderate consumption of alcohol might help eliminate H. pylori infection due to alcohol's antibacterial effect. 30 In this study, we found that everyday consumption of alcohol was in fact associated with H. pylori infection. The mouth and dental plaque may be extragastroduodenal reservoirs for H. pylori, and thus could be a source of transmission of the infection. 31 A newly developed polymerase chain reaction assay described by Li et al 32 that can detect H. pylori in gastric biopsy and saliva specimens supports the hypothesis that the infection is orally transmitted. The authors found a high prevalence of H. pylori in saliva. In Yami culture, it is common to share wine bottles or cups, a practice that may increase the oraleoral transmission of H. pylori.
One limitation of our study is the fact that the study population was not recruited by random selection but instead on a volunteer basis. To the best of our knowledge, we recruited one-quarter of all residents on Lanyu Island, which is the largest survey conducted in a single demographic. This cross-sectional study found a high prevalence of H. pylori infection on Lanyu Island, and it represents a large-scale study that diagnosed infection using 13 C UBT.
In our study, we noted no gender differences in the prevalence of H. pylori infection, a finding that may be explained by a lack of exposure to antibiotics among people on Lanyu Island. Our study also observed a lower prevalence of H. pylori infection in the non-Yami population, which supports the theory that the major risk factors for infection are poor socioeconomic and hygienic conditions beginning in childhood. Multiple logistic models found that alcohol consumption and marriage status were associated with H. pylori infection, and this may represent another route of H. pylori transmission later in life. This study demonstrates the importance of considering all relevant factors relating to H. pylori infection, including culture, transportation, life style, and health behavior.
